Abstract The objective of this study was to determine if the South American catfish (Rhamdia quelen) is suitable to be farmed in polyculture with rainbow trout (Oncorhynchus mykiss) in intensive systems during the juvenile phase to maximize feed efficiency. Juveniles of rainbow trout (3.94 ± 0.11 g) and South American catfish (2.07 ± 0.04 g) were distributed in 16 tanks (100 L) with continuous water renewal at the density of 50 fish/tank. The experimental design was completely randomized with four treatments (proportions between species) and four replicates. The treatments were 100% trout (100T), 70% trout and 30% catfish (70T30C), 50% trout and 50% catfish (50T50C), and 100% catfish (100C). Fish were fed Aquacult Int (2018) twice daily with pelleted commercial feed (45% crude protein) during an experimental period of 56 days. No feed was provided for the catfish in polyculture. The weight gained by the trout was higher in polyculture. Fish survival did not differ among the treatments. The average survival of the trout in all tanks was 99.6 ± 1.0%, while the survival of the South American catfish was 97.9 ± 2.7%. The total feed conversion ratio was lower in the 70T30J treatment, followed by the 100T treatment. Rainbow trout and South American catfish are compatible species for farming together in the first phase of their juvenile development. The different spaces occupied by these species inside tanks probably prevent competition or agonistic behavior. Catfish eat the non-ingested leftover diet from the trout, which improves feed conversion and increases sustainability.
twice daily with pelleted commercial feed (45% crude protein) during an experimental period of 56 days. No feed was provided for the catfish in polyculture. The weight gained by the trout was higher in polyculture. Fish survival did not differ among the treatments. The average survival of the trout in all tanks was 99.6 ± 1.0%, while the survival of the South American catfish was 97.9 ± 2.7%. The total feed conversion ratio was lower in the 70T30J treatment, followed by the 100T treatment. Rainbow trout and South American catfish are compatible species for farming together in the first phase of their juvenile development. The different spaces occupied by these species inside tanks probably prevent competition or agonistic behavior. Catfish eat the non-ingested leftover diet from the trout, which improves feed conversion and increases sustainability. 
Introduction
The South American catfish (Rhamdia quelen) occurs from southeast Mexico to the center of Argentina (Fishbase 2017). Recently, this catfish has been farmed in Brazil and Argentina and has shown good market acceptance (Valladão et al. 2016) . Its meat is characterized by good flavor and has no intramuscular spines. The South American catfish has potential for polyculture with trout due to its benthonic habits, adequate growth, tolerance to variations in temperature, and consumption of organic materials (Gomes et al. 2000) . Therefore, the objective of this study was to determine if the South American catfish is suitable for farming in polyculture with the rainbow trout in intensive systems during the juvenile phase, to maximize feed efficiency.
Materials and methods
The study was carried out on a trout farm in the city of Urubici in Southern Brazil (28°03′ 12.6″ S 49°34′ 29.2″ W), using real commercial cultivation conditions. The experiment lasted 56 days, which is when the rainbow trout transitions to the grow-out phase. The juveniles of rainbow trout were obtained from the existing brood stock on the property, and juveniles of the catfish from a commercial fish farm near Urubici. The fish were acclimated for 21 days in 300-L tanks with continuous water renovation before the experiment.
After the acclimation period, the juveniles of the rainbow trout (3.94 ± 0.11 g) and catfish (2.07 ± 0.04 g) were distributed into 16 rectangular tanks (100 L) with continuous water renewal and at a density of 50 fish/tank. The treatments were 100% trout (100T), 70% trout and 30% catfish (70T30C), 50% trout and 50% catfish (50T50C), and 100% catfish (100C). The experimental design was completely randomized with four treatments (proportions among the species) and four replicates per treatment.
The fish were fed with a pelleted commercial feed (45% crude protein) with a particle size of 3 mm. The feed was offered twice daily until apparent satiation of the trout or catfish in monoculture and of the trout in the polyculture. This management was adopted because trout inhibited the search for food of catfish during the feed supply. We assumed that the fish were satiated when they stop to ingest the pellets. Therefore, in polyculture tanks, the catfish were not fed and were left to eat the leftover diet provided to the trout and their feces. The amount of feed supplied to fish in each tank was recorded. Tanks were cleaned daily after the second feeding to remove organic waste. The water in the tanks was completely renewed every 10 min, and the temperature, pH, and dissolved oxygen were monitored daily. The temperature and dissolved oxygen (DO) were measured with a multiparameter probe, (oximeter AT 160 Alfakit), and the pH was evaluated with a colorimetric kit (Hanna combo HL98129 waterproof). Water samples were collected biweekly to analyze the total ammonia nitrogen (TAN) concentration (Eaton 2005) . The temperature (17.3 ± 1.4°C), pH (7.21 ± 0.34), DO (9.50 ± 0.36 mg/L), and TAN (0.12 ± 0.14 mg/L) were kept within the range recommended for rainbow trout culture (Boyd and Tucker 1998; MacIntyre et al. 2008) and were similar in all tanks.
Fish were counted and weighted at the beginning and at the end of the experiment, when they were desensitized with eugenol (1 g/10 L). The mean individual weight gain, survival, final biomass, and feed conversion rate (FCR) were evaluated. The mean weight gain (g) and survival (%) were obtained for the two species separately. The biomass (g) was calculated by species and by total fish produced in each tank, using the sum of the individual fish weight. The trout FCR was calculated in each monoculture and polyculture tank because only the trout was fed in polyculture. The total FCR was calculated in each polyculture tank using the sum of biomass gain by the trout and catfish. The following equations were used:
FCR of the trout ¼ Total feed supplied Total biomass gain by all trouts in the tank Total FCR ¼ Total feed supplied Total biomass gain by all trout þ all catfish in the tank ð Þ Data were subjected to normality (Kolmogorov-Smirnov) and homoscedasticity (Bartlett) tests, followed by the parametric analysis of variance (ANOVA). When significant differences were obtained, the means were compared with Tukey's test (P < 0.05).
Results
Catfish feeding was clearly inhibited by the trout, and only started to feed after the trout ceased feeding. Fish survival did not differ between the treatments. The average survival of the trout in all tanks was 99.6 ± 1.0%, whereas the survival of the South American catfish was 97.9 ± 2.7%. The weight gained by the trout juveniles was higher in the treatments 70T30C and 50T50C when compared to the 100T (Table 1 ). The best results for the trout feed conversion ratio were obtained in the 100T and 70T30C treatments. The weight gained by the South American catfish juveniles did not differ between treatments. The increase in the proportion of Means followed by different letters within the same column show significant difference according to the Tukey's test (P < 0.05)
T rainbow trout, C South American catfish, C.V. coefficient of variation, WG individual weight gain, FCR feed conversion ratio South American catfish juveniles in the culture resulted in a decrease in the total biomass produced. On the other hand, the total feed conversion was better in the 70T30C treatment, followed by the 100T treatment. The treatments 50T50C and 100C had the highest total feed conversion ratios.
Discussion
Survival and growth of each species were not affected by the presence of the other species. The higher weight gain observed in the rainbow trout reared in polyculture is probably because of the lower trout density. Thus, there is no negative interaction between these two species when cultured together in the same tank during the initial stages. Further research should be conducted to demonstrate if no negative interaction occurs for the entire culture cycle. The polyculture of the rainbow trout with South American catfish improved the total feed conversion rate. This is the first study to show a positive interaction between these two species. Tidwell and Mims (1990) investigated the polyculture of the rainbow trout (95 g) with channel catfish (Ictalurus punctatus) (82 g) stocked in low (24.7 catfish and 9.8 trout/m 2 ) and high densities (49.4 catfish and 9.8 trout/m 2 ). The feed conversion ratio increased from 1.3 in trout monoculture to 1.9 in low-density and 2.4 in high-density polyculture. In the referred study, however, the proportion of catfish was higher in relation to the trout, which certainly affects the results. Other polycultures of trout (82 g) with channel catfish (240 g) stocked in cages at 300 fish/m 3 compared two species proportions (50% trout and 50% catfish; 10% trout and 90% catfish) to trout and catfish monoculture (Beem and Gebhart 1988) . The feed conversion ratio increased to 2.3 (50% trout and 50% catfish) and 9.0 (10% trout and 90% catfish) when compared to the trout monoculture.
Trout feed on artificial diets in culture tanks, which can be pelleted or extruded. The pelleted diet is cheaper, but results in higher losses of solids in the water and higher feed conversion ratio (Booth et al. 2000) . The South American catfish is a benthic species that accepts feed easily, but also has the potential to feed on organic waste (Gomes et al. 2000) . Thus, in polyculture, catfish eat the leftover diet provided to trout and probably trout feces. Survival and growth of the catfish in the present study was similar in fed (monoculture) and unfed scenarios (polyculture), demonstrating that the South American catfish has the potential to feed on wastes without negative impacts on development, with a temperature of 16-18°C. Therefore, substantial biomass of high-value fish can be produced with the wastes of trout culture. In the proportion of 50% of South American catfish, total feed conversion was increased by about 21% when compared with trout monoculture, suggesting that the catfish in this case ingested less feces and more leftover diet.
The trout showed higher growth when reared in polyculture. This result may be due to the low trout density in polyculture tanks. In addition, this also indicates that South American catfish juveniles did not affect trout growth. Fish growth of one species has been shown to be higher in lower densities even when there are other species in the same pond (Uddin et al. 2007) . For the rohu labeo (Labeo rohita), polyculture with the common carp (Cyprinus carpio) also improved the weight gain when compared to the monoculture (Rahman et al. 2006) . Similar results were observed for the paddlefish (Polyodon spathula) in polyculture with the channel catfish and with the rainbow trout (Mims and Clark 1991) .
South American catfish adapted well to polyculture with the trout, showing no conflicts that could result in high mortality. There was also no effect of the proportion of fish on the growth of South American catfish. For channel catfish, growth was lower in polyculture with trout (Tidwell and Mims 1990) . In the present study, the same performance of South American catfish in monoculture and in polyculture indicates that trout did not negatively affect the catfish. However, the feed conversion of South American catfish in monoculture obtained in the present study was lower than that obtained by other authors for this species (Meyer and Fracalossi 2004; Salhi et al. 2004 ). This result is probably due to the use of a diet formulated for trout and not for catfish in the present study. In addition, a low temperature range may have impaired feed conversion and growth of the South American catfish. The best temperature for South American catfish culture is 22 to 28°C (Piedras et al. 2004) , although the species tolerates temperatures as low as 15°C (Gomes et al. 2000) . The mean temperature during the experiment was 17°C. The South American catfish has shown reduced growth and increased feed conversion in temperatures below 23°C (Piedras et al. 2004) .
The data obtained for the feed conversion ratio confirms that polyculture of trout with South American catfish can improve the sustainability of trout production. Further studies are needed to show the technical and economic feasibility of the polyculture during advanced stages of the grow-out phase. South American catfish introduced into the culture while maintaining the normal density of trout should be evaluated. The additional production of fish with the same volume of water and diet is a strategy towards more sustainable aquaculture (Uddin et al. 2007; Costa et al. 2013 ).
Conclusion
Rainbow trout and South American catfish are compatible species for farming together in the first phase of their development. The different space occupied by those species inside tanks probably prevents competition or agonistic behavior. Catfish eat the non-ingested leftover diet from the trout and probably trout feces, which increases sustainability. Further research should be conducted to determine the best proportion among the species and if the benefits of polyculture observed in the present study are maintained during the final phases of grow-out culture.
